Abstract __ In order to investigate the dynamic behaviour of a wind turbine with Doubly Fed Induction Generator (DFIG) connected to the network during grid disturbance, this paper presents an equivalent continuous model. This model includes mechanical, electrical parts and the connection system to a distribution network. A comparison of two different DFIG control strategies during network faults is shown with the help of numerical simulation.
INTRODUCTION
Nowadays, the market for variable speed wind turbines is oriented to the design of high power wind generation systems (1 MW and more). For such applications, doubly fed induction generators (DFIG) have great interests since they are able to generate controllable high power thanks to reduced rated power converters in comparison with other wind generator technologies for the same power [1] . However, these new power generators add risks to the control of the grid and moreover may decrease the quality of electrical network services [2] . Vector control of the DFIG has some restrictions mainly in case of over currents and DC bus variations [3] . In fact, when a voltage dip occurs, the rotor currents are very high and the DC bus voltage varies. In order to study these phenomena, this paper presents some operating cases of the wind energy system in a particular distribution network during voltage sags and short circuit faults. In this paper, mechanical and electrical behaviour of this wind energy system during balanced and unbalanced faults will be described. So the model of the DFIG takes into account zerosequence components and power converters are modelled into the a, b, c frame by considering equivalent power converters with ideal switches [5] . The proposed global model is simulated with the help of Matlab-Simulink ™ , by considering a 1.5 MW wind generator. This generator is connected to a distribution network, which is simulated with the help of the Sim Power System toolbox. Simulation results illustrate the comparison of two stator flux control strategies: -Open-loop flux control or synchronous approach [6] . -Closed-loop flux control or asynchronous approach [7] . In the first part of the paper, a generalised modelling of the Doubly Fed Induction Generator is presented. Then the control strategy of this system is described. By simulation results of this generator connected into a distribution network we brought into evidence a comparison between two control strategies of the DFIG during grid disturbances. Figure 1 shows the overall wind generation system. Two back-to-back MLI inverters, which are connected via a DC link, allow supplying electrical energy at an arbitrary frequency in the rotor circuit and at the grid frequency onto the grid. The line side converter is connected to the grid via three chokes to improve the current harmonic distortion.
I. SYSTEM CONFIGURATION

II. DYNAMIC MODEL OF A DOUBLY FED INDUCTION GENERATOR
A commonly used model for the doubly fed induction generator is the Park model. Considering the fundamental harmonic of the air gap flux distribution, the space vector theory yields equations of the DFIG in the form: The stator and rotor fluxes are given as:
and r L are the resistances and inductances of the stator and rotor windings, M is the main inductance, The active and reactive powers at the stator circuit and at the rotor circuit are defined as:
The electromagnetic torque is expressed as
III CONTROL STRATEGY DEVELOPPEMENT 3.1 General description Direct access to the rotor circuit provides a means to control currents flowing through the stator circuit. A power monitoring gives a prescribed torque-speed curve that the DFIG has to track and the pitch angle according four speed operating regions [6] . After the starting, a control strategy is designed to extract the maximum power from the wind by setting a torque reference in the second region (figure 2). In the third region the speed is maintained constant, and in the fourth region a pitch control enables to not exceed the maximum power while the tip speed ratio is forced to decrease. A current regulated pulse width modulation provides the field oriented currents (I r ) to the rotor circuit and controls the electromagnetic torque and the stator reactive power respectively. The necessary reactive power reference is calculated to minimize the copper losses. The line side converter keeps constant the DC-link voltage (u) and contributes to set a wished power factor (STATCOM mode). Another current regulated pulse width modulation (I t ) is field oriented in the same d,q reference frame as determined by the machine stator flux (figure 3). 
3.3
Flux control approach: In this study, two control strategies of the stator flux control will be compared in order to show their influence on the dynamical behaviour of the wind energy conversion system against voltage dips.
Synchronous approach :
The synchronous approach is a control strategy of the machine by regulating the direct component of the current in the rotor in order to generate a desired reactive power. It has been proved that by controlling the reactive power circulation of the system, the copper losses can be minimized [8] . By using simplified stator equations, the reference of the direct rotor current is given by:
Asynchronous approach:
The asynchronous approach is based on a closed-loop control on the stator flux (using a PI controller Cφ), which generates the direct current in the rotor.
is the estimated flux by measuring the direct components of the stator and the rotor currents following equation (22).
3.4
Simulation results : The electrical network and its parameters have been proposed by the industrial company Laborelec (figure 4). figure 6 ). This oscillation is significantly damped when using a closed-loop control of the stator flux. However, with this approach, we can notice a small overshoot on the nominal value of this flux. The stator current and so the total generated current oscillates according to the used approach. On the one hand the voltage dip does not affect the total generated current when the synchronous approach is applied ( figure 7 ). On the other hand, we can observe that a closed-loop control of the stator flux results in larger oscillations and transient unbalance on stator currents. This induces high magnitudes of short-circuit currents. These phenomena are induced by a non null zerosequence component in the stator current ( figure 8 ).
Obtained simulation results are different according to the used control strategy. On the one hand, the asynchronous approach regulates the stator flux by a closed-loop control, and then the variation of the e.m.f. (Vs 0 ) at the stator circuit is very important when the grid voltage (E) decreases. It is the origin of high magnitudes on the generated current ( figure 9 ). On the other hand, by using the synchronous approach, the magnitude of the e.m.f. in the stator decreases (naturally), thus, the stator flux decreases too. This leads to reduced magnitudes of the transient currents in the stator. This approach is more interesting in terms of power quality. 
CONCLUSION
In this paper, electrical and mechanical behaviour of a wind energy conversion system based on a DFIG has been investigated during a typical disturbance (voltage dip) of the electrical network. Obtained simulation results are different according to the used control strategy. On the one hand, the asynchronous approach regulates the stator flux by a closedloop control, and this is the origin of high magnitudes on the generated currents. On the other hand, by using the synchronous approach, the magnitude of the e.m.f. in the stator decreases (naturally), thus, the stator flux decreases too. This leads to reduced magnitudes of the transient currents in the stator. This approach is more interesting in terms of power quality.
The synchronous approach seems to give best performances onto the grid current during the grid disturbances. Time evolution of the dc bus voltage and rotor currents have brought into evidence the importance of protection systems (CROWBARS, Blocking of power converters, disconnection ...) and also the design of voltage dip detection systems. By taking into account these auxiliary systems further comparisons of both flux control systems must be done in a more realistic context.
